Background: Bouveret's syndrome is an unusual presentation of duodenal obstruction caused by the passage of a large gallstone through a cholecystoduodenal fistula. Endoscopic therapy has been used as first-line treatment, especially in patients with high surgical risk.
Background
Gastric outlet obstruction caused by a gallstone in the duodenum or pylorus (Bouveret's syndrome) is a very rare complication of gallstone disease. This type of gallstone ileus can be diagnosed and treated endoscopically. Endoscopic stone removal is especially indicated in poor risk patients. A dislodged impacted stone can migrate distally and cause small bowel mechanical obstruction that might require urgent enterolithotomy.
Case report
A 67-year-old Caucasian female presented with 4 days of vomiting associated with coffee ground materials, loss of appetite, and new onset of occasional heartburn. She denied any abdominal pain. The physical exam was pertinent for severe obesity with Body-Mass-Index of 52 and frequent desaturations on room air from 90 to 84%. The patient was lethargic, with clear lungs and a 2/6 systolic murmur over the base. Her abdomen was non-distended and non-tender with normal bowel sounds. Significant bilateral lower extremity edema was noticed. Her liver tests were all within normal limits. Initial chest and abdominal radiographs were normal. An esophagogastroduodenoscpy was performed using a GIF-1T 140 (Olympus, Melville, NY), which has 10.9 mm diameter and single channel 3.7 mm. In the duodenum just beyond the bulb, very large gallstone was obstructing the lumen measuring about 4 cm × 2 cm (Figure 1 ). The adjacent duodenal walls appeared ulcerated and friable. Computed tomography of the abdomen showed pneumobilia, distended stomach and a 4 cm mass with calcified rim in the duodenum. The gallbladder was adjacent to the mass and contained an air fluid level (Figure 2 ). Because of the patient's high surgical risk, secondary to obstructive sleep apnea with pulmonary hypertension, severe aortic stenosis and morbid obesity, treatment with endoscopic laser lithotripsy followed by endoscopic removal of the fragments was planned.
A holmium: yttrium-aluminum-garnet laser (Ho:YAG) was used via a flexible fiber through the biopsy channel of the GIF-2T 160 endoscope which has 12.6 mm diameter and dual channel (2.8 mm, 3.7 mm). Olympus dedicated flushing pump was used for fluid irrigation and cleaning the debris using sterile water. Initially a 0.55 mm, then a 1 mm fiber was used. The laser pulse energy and rate settings were 0.5 J and 5 HZ respectively. Higher settings were avoided because of the severe ulceration of the duodenal wall and the fear of perforation. The shell of the gallstone was easily penetrated by the laser, but large cracks were not produced. Two sets of endoscopic therapy with laser application resulted in partial fragmentation of the gallstone, but it still could not be retrieved from the duodenum ( Figure 3 ). Each session continued for about one hour. Considering the general status of the patient and the presence of multiple comorbidities, further attempts to break down and retrieve the stone were postponed for further sessions. After the second session the patient had several episodes of abdominal pain and vomiting. A third session of laser lithotripsy was planned but the EGD revealed that the gallstone was no longer in the duodenum. No fistula was noticed.
A repeat computed tomography showed the gallstone in the distal ileum ( Figure 4) . The patient underwent surgery with an enterotomy, which revealed a 4.5×3.5×2.5 cm gallstone in the terminal ileum. The patient recovered well without repair of the cholecystoduodenal fistula and had no biliary problems at two years follow up.
Discussion
Bouveret's syndrome is a rare complication of cholecystolithiasis with gastric outlet obstruction caused by a gallstone migrating through a cholecystoduodenal fistula [1, 2] . Alternatives to surgical lithotomy are attractive, as this syndrome affects mostly elderly patients and involves operating in an ulcerated duodenum. Furthermore, if the stone is removed by endoscopy, a repair of the cholecystoduodenal fistula is in most cases not necessary [1] .
Simple endoscopic lithotomy might not be possible, as the impacted gallstones tend to be very large [2] . In these cases mechanical fragmentation of the stone at the site of impaction has been attempted. If unsuccessful, alternative methods of lithotripsy by laser or extracorporal shockwave lithotripsy (ESWL) have been tried [3, 4] . In the herereported case, ESWL was thought to be difficult because of massive obesity. Percutaneus laser lithotripsy has been used for choledocholithiasis, and three reports of treatment of Bouveret's syndrome have been published [5] [6] [7] . Two of the reported cases resulted in successful endoscopic treatment without need for surgery; the third reported patient went to surgery because of the inability to fragment the stone [7] . We did chose the infrared Holmium: YAG laser because of its previous use in choledocholithiasis [8, 9] and the deployment via a flexible optical fiber. This allowed us to work with the laser through the working channel of the endoscope. The direct visual control of the laser application makes the treatment technically easy and safe.
The two previously reported successful laser lithotripsies required more than one session of treatment to achieve success. Maiss et al [5] used first a rhodamine-6 G dye laser system in eight sessions, resulting only in partial fragmentation; completed fragmentation was achieved by a ninth session with a frequency-doubled double-pulse Nd:Yag laser. Langhorst et al [6] reported the need for two sessions with a rhodamine-6 G dye laser to achieve sufficient fragmentation to enable endoscopic lithotomy. We too found that the destruction of the stone to be a slow process not sufficiently completed after two esophagogastroduodenoscopies and more than two hours of total endoscopy time needed. Technical reasons for this seem to be: the rather small laser fibers of 1 mm diameter; the resulting debris requiring frequent lavage and the stone which had a very hard outer shell with a soft core. The shell was easily penetrated by the laser. The damage to the stone was limited to the direct treatment site and no cracks around the circumference of the shell were observed. As only the visible proximal aspect of the stone was approachable with the laser, a stable distal sphere in the duodenum remained. Further treatment sessions would have been necessary to reach the distal part of the stone.
Nevertheless, the treatment in our case caused a dislocation of the stone between treatments and resulted a distal gallstone ileus. A similar problem was observed in other reported cases when Bouveret's syndrome which was treated with endoscopic lithotomy or extracorporal shock wave lithotripsy [3, 4, 10] . Despite the failure to endoscopically removal the stone from the duodenum, it was felt in the here-presented case, that the resulting ileal enterostomy carried much less risk tolerated than an initial gastroduodeostom especially considering the patients general poor condition.
As laser lithotripsy has been used successfully and safely in Bouveret's syndrome, it seems to be a reasonable alternative to immediate surgery in patients with poor surgical risk. One needs to be prepared for prolonged and repeated treatment sessions. Different laser systems might offer faster results, but systematic study of this is complicated by the rarity of Bouveret's syndrome.
The following observations might improve the efficiency and the success rate of endoscopic laser lithotripsy in Bouveret's syndrome: First, using monitored anesthesia care (MAC) instead of endoscopist controlled conscious sedation for our high-risk patient enabled us to extend the endoscopy and laser application time, second, increasing the power of maintaining the same power with usage of smaller fiber might increase the ablation efficacy as the concern about perforation is moot, sinse photoacoustic effects from the holmium: YAG laser are minimal, as opposed to the lasers with short pulse durations. The most efficient settings for holmium: YAG lithotripsy appear to be 1 J at 10 Hz for stone compositions [11] . In most urologic applications, the proper use of holmium: YAG power settings and optical fibers should yield stone-free results in more then 85% of cases in one setting, including stones as large as 6 cm [12] , third, using a longer endoscope than the standard length endoscope, which proved to be too short for efficient use because of the gastric distention present in our patient, and finally, using the therapeutic two-channel endoscope enabled efficient lavage and suction of the stone debris generated during laser use.
Conclusions
We think Endoscopic treatment of Bouveret's syndrome offers advantages over gastroduodeostomy, especially in
Figure 3
Gallstone in the duodenum with holes and partial fragmentation after two sessions of laser lithotripsy.
high-risk patients. After failure of endoscopic lithotomy of the complete stone and failure of mechanical lithotripsy, laserlithotropsy is a reasonable option, as it was shown to be completely or partially successful in 3 of 4-reported cases. No procedure-related complications or overall adverse outcomes were reported in these 4 cases. But there is a considerable risk in these cases to convert a proximal gallstone ileus into a distal gallstone ileus as the result of partial fragmentation and manipulation of the stone. We conclude that, Laserlithotripsy with the Holmium: YAG laser through the endoscope, which is used in our patient, is technically easy and safe.
